Introduction
Diurnal variations may lead to changes in athlete's performance through changing blood, metabolic and pulmonary responses at rest and during exercise. As concluded by the Buffalo health institute, pulmonary function is a long term predictor of over all survival rates, in both the genders and it could be used as a tool in general health assessment (Holger, 2000 , Prakash, 2007 .
Pulmonary ventilation also has a linear relationship with oxygen uptake at different levels of exercise. According to Fatemi (2009) , pulmonary function parameters have close interactions with maximum oxygen uptake (VO2max), and subjects with higher VO2max have a lower airway resistance. Also, the effect of exercise on pulmonary muscles has been verified in athletes, as they pose higher lung capacity in comparison to untrained subjects (Prajapati, 2008) .
Besides, more studies have revealed that exercise can result in broncospasm and can lead to an increase in airway resistance which is referred to as Exercise-Induced Asthma (EIA) (Ucok, 2004 , Smith, 2002 , Mehmet, 2004 . Among methods for EIA diagnosis, there are several incremental exercise protocols. In such methods, the respiratory assessment of FEV1/FVC is evaluated after each stage of the protocol. The measurements are taken in 20-minute intervals. The diagnostic standard for EIA was considered as a 15% decline in FEV1 (Fatemi, 2009 , Tan, 1998 , more than 10% decline in FEV1 or 15% in force expiratory flow 25-75% (FEF 25-75%) or more than 25% in Peak expiratory flow rate (PEFR) (Rundell, 1999) .
Exercise-induced bronchospasm (EIB) leads to an increase in airway resistance and ventilation-perfusion ratio (VA/Q) in the lungs; and may lead to a drop in partial pressure of arterial oxygen content (Pao2) (Rundell, 1999) . FEV1 is a valuable factor for the assessment of airflow obstruction if defined as a ratio of whole expiratory air. The normal rate of this ratio is 75 -85% of FVC volume. In healthy individuals, FEV1 is more than 80% of FVC (Guyton, 2006) .
Exercise is one of the most common reasons for the aggression of asthma, yet sometimes it causes only mild symptoms (Ehteshami, 2002) . Other studies also have shown that EIB occurs in 90% of asthmatic subjects and 40% of subjects with airway sensitivity (Provost-Craig, 1996 , Katz, 1992 . Furthermore, expiratory limitations during exercise with moderate and high intensity in elite male and female athletes has been reported in which three potential factors such as diffusion capacity, ventilatory muscle power and limitation in expiration flow have been recognized to limit aerobic capacity (Rundell, 1999) . Nischome et al (2005) , surveyed EIB change with perturbation device that decreased resistance against airflow in normal subjects. They showed that the application of this device results in the declination of airway resistance. When subjects breathe through a resistant duct, they cannot achieve optimal levels of O2 and this condition leads to a decrease in peak performance of athletes (Feinstein, 1996 , Oguz, 2002 .
Some studies have shown that the highest rate of bronchospasm occurs following high intensity exercise which is performed in cold environments (Smith, 2002 , Rundell, 1999 , Alex, 2006 , Jonathan, 2008 , Ozturan, 1999 . Medelli et al (2006) after measuring FEV1, FEV1/FVC and FEF25-75% of elite cyclists, found a 52% obstruction of upper airways in these athletes.
Likewise, it has been shown that the effect of one endurance exercise session with high intensity can result in exercise-induced arterial hypoxemia, respiratory resistance, and inadequate compensatory hyperventilation (Thomas, 2001 , Dempsey, 1999 .
Considering the varied data in this issue, the authors attempted to assess airway resistance indexes that included FEV1, FVC, FEV1/FVC and exerciseinduced asthma after one session of submaximal incremental aerobic exercise.
Materials and Methods

Subjects
Subjects that participated in this study were untrained men that studied at Shahid Chamran University of Ahvaz in Iran. The hundred twenty subjects that volunteered for the study were young (age 19-24), healthy nonsmoking students. Before the administration of the tests, subjects completed health and physical activity level forms. Afterwards, we selected 50 subjects whose scores were in the same range (n = 50); had a mean age of 22.1±2.4 years, body height of 174.4± 6.3 cm, body mass of 72.4± 9.7 kg and a mean VO2max of 38.8± 9.8 ml.kg.min-¹. The subjects were randomly assigned to control and exercise groups. All subjects completed an informed consent for participation in the study.
Preliminary procedures
Tests were performed in the laboratory which was maintained at 24 -26 ˚C between 10 and 12 am. All the participants had breakfast at 7 am. They had no history of any major diseases and were not under physical training and did not take any medications. All were informed about the purpose, requirements and the experimental protocol of the investigation. Experimental procedures were demonstrated to allay their apprehension. Body height and body mass of the subjects were measured with the help of height measuring stand and a medical scale (Krups, New Delhi, India). Body mass was measured to an accuracy of ± 0.25 kg and height to an accuracy of ± 0.5 cm.
Lung Function Testing
Airway resistance indexes (FEV1, FVC and FEV1/FVC) were measured by a digital spirometer (HI-601, Japan). To measure FVC, each subject blew into the instrument with maximum force after full inspiration; three readings were taken and the best was recorded. Spirometry included FEV1, FVC and FEV1/FVC. The tests were conducted before and at the end of the Astrand -Rhyming test.
Exercise Protocol
A standard exercise protocol for this study included a submaximal Astrand-Rhyming test performed on a Monark ergocycle. The duration of this test, based on heart rate, was set for 6 minutes, yet it could have been extended. The initial load was 98 watts. If the heart rate during the first 2 minutes of the test was less than 60% of HRmax, the load was increased by 49 W per 2 minutes; whereas if heart rate was in the 60-70% range of HRmax, the load was increased by 24.5 W during the 2 minute intervals. If heart rate rose above 70% of HRmax, the test was continued without a load change until the heart rate reached a steady state and test was terminated.
Statistical Analyses
All results were presented as mean ± SD. The spirometric data was expressed in liters. Statistical analysis was performed using the t-test. Values of p<0.05 were considered significant. Statistical analyses were performed using the 17 release version of SPSS for Windows. Table 2 . No significant differences were observed between these variables under pre and post test conditions ( Table 2 , Fig.1) . Table 3 Fig.1 ). Significant differences in FEV1 and FEV1/FVC were also observed between the two groups after the test (Fig. 2, Table 4 ). These results show that the decrease in FEV1 and FEV1/FVC is 18% and 15% respectively. According to the literature, Exercise -induced asthma occurred in the exercise group in the present study (Alex, 2006 , Fatemi, 2002 . 
Results
Figure 1 Changes of pulmonary indexes after the test protocol in the exercise group
Figure 2 Comparison of pulmonary index under pre test and post test conditions of the two groups
Discussion
The results showed that the difference between the exercise group and the control group in FEV1was statistically significant after the test protocol. On the other hand, one sub maximal incremental aerobic exercise session led to a significant decrease in the FEV1. Previous research indicated that three potential factors limit exercise capacity: diffusion capacity, ventilatory muscle power and limitation in expiration flow (Fatemi, 2009 , Jackson, 1996 .
In addition, it has been established that healthy individuals show an increase in ventilation associated with increased VO2 yet the respiratory system does not limit exercise capacity. Usually a 10-15% decrease in FEV1 signifies exercise-induced bronchospasm (Ehteshami, 2002 , Rundell, 1999 , Fatemi, 2009 ). However airway stimulus and inflammation induced exercise occurs due to the bronchospasm (Ucok, 2004 , Smith, 2002 , Mehmet, 2004 . FEV1 is used as an index of airway obstruction. Obstructive pulmonary disease leads to a notable decrease in FEV1 and may be revealing less than 40% of vital capacity (VC) under this condition (Guyton, 2006) . Thus in this study, the decrease in FEV1 is related to the exercise-induced bronchospasm.
However, some scientists reported that most likely, the reason for the significant decrease in these factors was fatigue of respiratory muscles (Ozturan, 1999) . Thomase et al (2001) suggest that the increase in blood volume may be responsible for the decrease in pulmonary factors following exercise. Furthermore, this decrease is more in accordance with expiratory flow limitation rather than inspiratory limitation. Most likely this is due to an increase in residual volume after exercise.
Athletes with respiratory system limitations experience major impairment during exercise or competitions in hypoxic environments (Dempsey, 2008) . This seems to be caused primarily by the excessive alveolar-to-arterial O2 difference (A-aDO2) and inadequate compensatory hyperventilation. It may also be a byproduct of the increasing temperature and metabolic acidosis which, in turn, causes a rightward shift in the Hb-O2 dissociation curve (Dempsey, 1999) . Helenius et al (2000) reported the prevalence rate of exercise-induced bronchospasm by 17% among endurance-runners and 8% in sprinters. Kohl et al (1997) holds that in functional respiratory changes after running competitions may have their roots in the fatigue of respiratory muscles, pulmonary obstruction, pulmonary edema, closing of the small airways and changes in pulmonary blood volume.
Our findings reveal that the FEV1/FVC was significantly decreased in post-test conditions in the experimental group. Likewise, we found a significant difference between the training and the control group in terms of the above-mentioned variable. The decrease in FEV1/FVC in the exercise group following the test might be contributed to the decrease in absolute volume of FEV1 and unchanged FVC. The FEV1/FVC factor varies and is related to the strength of expiratory muscles. A weakness of expiratory muscles leads to a quick fall in the expiratory ability. This lowers the FEV1/FVC factor even without the obstruction of airways. The FEV1/FVC factor is used as an indicator of response in the changes of inspiratory studies and exercise-induced spasm (Kohl, 1997) . Hiroaki et al (2003) showed that the decrease in a 6-minute walk test at 1 and 2 weeks after COPD surgery is significantly correlated with the preoperative FEV1/FVC% not VC. Feinstein et al (1996) also studied the prevalence of asthma and exercise-induced bronchospasm in adult soccer players in a submaximal test and found that more than half of subjects showed EIA. As Feinstein (1996) concludes, many athletes can be identified as having abnormal pulmonary function by use of a submaximal step-test as an exercise protocol. Self-reporting questionnaires do not appear to be sensitive enough to identify athletes with this condition. William and Terry (2002) , in their study on pulmonary function, used different levels of intensity and duration of exercise and concluded that, rather than affecting FVC, 5 -10 minutes after the exercise FEV1 decreases significantly. This decrease leads to a decline in FEV1/FVC ratio. Despite unequivocal opinions, it has been clear that the decrease in FEV1/FVC ratio indicates an increase in airway resistance and a decline in ventilation efficiency which can result in differences in endurance capacity of athletes (Mehmet, 2004 , Peter, 2003 , Voy, 1984 .
Another interesting finding of this research was the nonexistence of any significant FVC difference between control and exercise group during the post test phase. William et al (2003) reported that physical training has no effect on FVC.
Furthermore, such a condition may result in differences in aerobic capacity for endurance athletes, which give rise to inherent advantages on these athletes' side (Ucok, 2004 , Mehmet, 2004 , Voy, 1984 . Pulmonary functional adaptations and prolonged endurance training could be regarded as possible mechanisms which are associated with these conditions. Fred and colleagues (1976) studied the pulmonary volume changes with anti chemical masks at various resistances and maintained that the small added airway resistance commonly found in equipment for making different respiratory measurements during exercise can cause a decrement in endurance in proportion to the size of the resistance.
Likewise, type, intensity and duration of exercise, mental factors as fatigue, overtraining and arousal factors also can trigger EIA (Palatsi, 1980) . The higher the intensity and duration of the exercise, the more severe of EIB (Jonathan, 2008) . Besides, the diffusion capacity in athletes is higher than untrained individuals. The increase in lung volume might be regarded as one of the respective reasons (Olufeyi, 2002 , Farid, 2005 .
Although EIA is supposed to occur only during high intensity exercise (Dempsey, 2008 , Mc Claran, 1998 , Guenette, 2007 , the present study indicates that submaximal exercise can also result in EIA. It seems necessary to mention that in addition to the duration and intensity of exercise, temperature and environmental pollutants can change absolute values of lungs and affect pulmonary functions (Alex, 2006 , Jonathan, 2008 , Farid, 2005 . It suggests that more research is needed to be carried out pulmonary changes after exercise because these variables affected are by many other factors that need to be investigated in future studies.
Conclusion
Many athletes can be identified as having abnormal pulmonary function following submaximal exercise. These methods appear to be sensitive enough to identify athletes with this condition. Our results indicate that one submaximal incremental aerobic session of exercise causes a significant decrease in FEV1 and FEV1/FVC, and may be the cause of exercise-induced asthma.
